Abstract: This article discusses the structure of an information system, the mathematical and information models of electric power systems. Currently, the major application areas include system relaying data communication systems and automation, automated dispatching and technological management of electric power facilities, as well as computer-aided calculation of energy resources. Automatic control of excitation (ARV) synchronous machines is one of the most effective ways to ensure the stability of power systems. However, the variety of possible options and modes even in a single grid pose significant obstacles to the development of the best means of ensuring sustainability. Thus, the use of ARVs to ensure stability in some cases may not be sufficient. Therefore, there is a need to develop an information system based on a mathematical model.
in solving systemic prThe application of information systems in the system analysis has been previously studied [1] [2] [3] . Issues of information systems development for various purposes by methods system analysis using modern object-oriented programming languages and database technologies are widely covered in other works [4] [5] [6] [7] [8] [9] . To a lesser extent it touched issues of special information systems' creation for electric power systems. Certain aspects dedicated to the creation and deployment of electric power complex's information systems for Smart Grid technologies were considered in earlier proceedings [10] .
The basic foundation of any information system is a data model that describes basic system elements and object domain. The mathematical model of modern electric power complex, consisting of turbine generators and complex multiply energy blocks, is a system of nonlinear ordinary differential equations. The problem of work functioning optimization of these complexes, as well as creation of motion stability algorithms for such systems still attract attention of many researchers and are actual. These problems have been completed in other proceedings [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Note that investigation of motion stability and stability "in large" phase systems are studied in [29] [30] [31] [32] .
At present stage of information system elaboration methods development there is a strong tendency to create unified data models. Information systems built by that principle have great ability in integrating with such systems which may be organized in a distributed network. One of the main methodological tools in building domain data models is object-oriented analysis and its interpretation of the language -the unified modeling language UML. The method for constructing UML models is detail in [33] . UML data model complexes are combined into a single information model, containing comprehensive information about the static and dynamic properties of the system. In the field of electric power industry there is a basic information model, which describes the data models for the information systems of electric power facilities.
World experience
Today, there is real revolution in the global power industry. In the United States, China, Japan, Europe the process of implementing "intelligent networks" -Smart Grid is in full swing. Today, Smart Grid technology is the most actively developed and distributed in Denmark. Ministry of Energy US Department of Energy defines the intelligent network as a fully automated system that provides two-way flow of electricity and information between power facilities everywhere.
However, in comparison with other powers, the United States is the second largest investment in Smart Grid. In the first place -China, on the third -Japan.
In Russia and Kazakhstan, there has been increased interest in considered technology. To indicate this technology the term "active-adaptive network" is used which is defined as self-diagnostic technology, analysis, and reporting, established to improve the reliability of equipment, ability to control it from distance.
According to experts, at the first stage in Russia and Kazakhstan it is possible to implement only the principles of observability, automation. This means that, primarily, information technology will be introduced.
Modern electric power systems (EPS) provides electricity a significant number of consumers, interruptions in power supply energy efficiency, which can lead to substantial damage and adverse social consequences. Modern electric power systems (EPS) provides electricity a significant number of consumers of electricity (EE), interruptions in electricity power which can lead to substantial damage and adverse social consequences. Providing reliable and uninterrupted electric power supply of consumers cannot be developed without the creation of complex emergency control carried out on the basis of modern information and computer technology. Creation of such systems requires development of effective methods and algorithms for determining optimal control influences corresponding the minimum damage from off generators and loads.
Structural models of information system of electric power systems
Creation of information system requires a number of activities, which includes the following steps:
-comprehensive analysis of the structure, characteristics and problems of energy system; -analysis and assessment of work scale; -determination the decomposition principles of information system into subsystems; -selection of design methodology; -determination of means of selected methods implementation; -implementation of information system. Among these activities, taking into account hierarchical structure of energy systems of one the most important activities is to determine principles of information system decomposition into subsystems. Figure 1 displays the diagram of information system deployment with a single database server (database). In this scheme the data from the measuring points at certain intervals are sent to the data processing center (DPC), where the data processing subsystem are saved on the database server. The data stored in the database used by the processing subsystem requests to provide third-party applications and servers to access them through an application program interface (API).
Theoretical application of employment of CIM technologies for information systems of electrical power
One of the main problems in information system development is development of information domain model [34] , which will be used to build:
-an object-oriented hierarchy class; -relational database structures; -application programming interface.
One of the most important requirements for developed information model is the fullest possible description of the subject area, taking into account the future expansion and adding new types of model elements.
In addition, in the process of building information models it is important to provide for the possibility of simple integration of the developed information system with other existing systems. This will reduce costs and speed up the implementation process.
Common Information Model provides a standard way of representing power system resources as distinct classes and attributes and their relationships. CIM is determined by means of object-oriented modeling. In particular, the specification of CIM system uses Unified Modeling Language notation that defines common information model as a group of packages.
Mathematical model of EPS

Formulation of the problem
We considered a general mathematical model for the electric power systems. Let the controlled dynamic system consists of interrelated -subsystems and equations of perturbed motion has the form:
where δ i is angular coordinates; S i is angular speed; x i − n i is the state vector of the regulator; w i is controllability of impacts on facilities controllability; K i > 0 is the damping coefficients of the control object; C i , q i , b i are constants n i is dimensional vectors for each i; A i is constant matrix of n i × n i order; U i is control action regulator, formed on the basis of the feedback; functions
characterize the impact on the i subsystem, other l − 1 subsystems; f i (δ i ) -continuously differentiable periodic functions, satisfying conditions (1) describes the process in i control (control of all objects) object, and the vector differential equation (2) determines the equation of motion f the controller i of the control object.
In particular, electric control systems (1) describe a rotary motion of the rotor of the i synchronous generator, the value δ i -the difference of rotor rotation angles at rated frequency and an electromotive force generated i-generator in relative units, the function f i (δ i ) defines the output of the i generator in arbitrary units ψ i (δ i * ) generators express mutual influence on each other through a common electrical line.
Equations (2) describe the dynamics of a steam boiler, steam turbine automatic speed regulator and excitation system i-generator, w i -impact work out regulator to stabilize the rotational movement of the rotor to i generator u icontrol generated by computer to ensure synchronous operation of the generators running on general electric network. ARRF -automatic regulator of rotation frequency -the turbine, G -generator, NE -excitation system -the number of generators. With three independent generator associated control system. The first of them -a drive system that adjusts the voltage on the generator buses. The second system -a control system which controls the turbine speed and determines the mechanical power P T i . Third-central control system by means of which a correspondence between generation and load and ensures synchronous operation of the generators after the emergency situation via control actions w 1 (t), . . . , we(t) .
Generator G 1 , ..., G l are connected via a common electrical network and the load. The equations of perturbed motion-generator power system in the classical power system model [35] have the form:
Communication between the control and the influence of deviation of power w = w i (t) and the turbine P T i in the simplest case [36, 37] is determined by the differential equation
where µ i = µ i (t) relative movement of the flap overlapping access steam Tn i is time constant, which is the inertia of the steam in the superheater tubes, σ i the coefficient of statism i of the speed controller, K i -gain i channel central control system, the control action depends on the phase state of all generators (Fig. 2) .
Mathematical object is an entity that expresses a mathematical category and component object computing. As objects are considered elements of the power system, vectors and matrices. Every mathematical object has a set of mathematical signs, but by themselves they do not represent computing problem, and is a tool for its solution [38] .
The numerical example
Next, we consider the differential equations of perturbed motion of a synchronous generator
where
δ -the angle of the generator EMF, S-the generator's slip, D > 0 -damping factor. For convenience, we set δ = x 1 , S = x 2 and the equation (4) can be rewritten in the following form
Along with the equations (5) we consider the equation
where ∆P is constantly acting perturbations, their limits, on average, H a constant. It is assumed that the permanent perturbations have the form of single pulse duration ∆t, beginning at the moment t 0 .
It is required to define the permissible value of constantly acting perturbations, if the duration is equal to 1) ∆t = t 1 2) ∆t = t 2 3) ∆t = t 3 (in arbitrary units), and the initial coordinate values x 1 (t 0 ) = x Solution: Consider the system (5). It is possible to construct a Lyapunov's function of the form
Note that the function V(x 1 , x 2 ) will be definitely positive in the area
and provided
as f
Then, in the area (7), the inequality
We require that the matrix Γ is positive definite, i.e.,
Then we have x * Γx ≥ λ min ‖x‖ 2 , λ min > 0, where
The smallest eigenvalue of the matrix. Consequently,
The total derivative of the function V(x 1 , x 2 ) with respect to t in the strength of the system is,
further, since
where c 2 2 = max(µ 3 , µ 4 ). To find the permissible value is constantly acting perturbations ∆P, proceed as follows. Since the perturbations have the form of a pulse duration ∆t, starting at time t 0 , is being limited in the middle, they are limited in the middle and disappearing at infinity.
We have
and make sure
where t ≥ t 0 + ∆t then the unperturbed solution is stable under constantly acting perturbations small on the average and vanishing at infinity. Hypotheses of the theorem have been fulfilled for (15) , therefore, the unperturbed motion of the system (15) is stable under constantly acting perturbations constrained in the middle and vanishing at infinity.
Conclusion
This article has examined the structure of the information system based on a mathematical model of electric power systems. The results of numerical solution of di?erential equations of perturbed motion of a synchronous generator and the basic mathematical and information models of the EPS information system were also detailed in this study.
